Statistical analysis was performed using the software SPSS 21.0 with a significance level of 5%. Results: The MG showed an increase in the displacement area along the x-axis (P = 0.003) and total displacement (P < 0.001) with eyes open (EO), and an increase in the x-axis (P = 0.002) and total displacement (P < 0.001) with eyes closed (EC). Velocity in the x-axis (P < 0.001), y-axis (P < 0.001) and total velocity (P < 0.001) was higher with EO than EC. A rise in velocity was also observed in the x-and y-axis, and in total velocity with EC, when compared with the CG (P < 0.001). Displacement was higher for all variables in both groups with EC (P < 0.001). Conclusions: Surgery for unilateral mastectomy may significantly alter postural control in women with breast cancer.
Introduction
Breast cancer is the most common type of cancer in Europe (464,000 cases) [1] . In 2013 its mortality rate was * Corresponding author.
the highest among women with cancer, with an index of 15%, demonstrating a 7% drop from 2009 in the European Union [2] . It is also considered the leading cause of death due to cancer in women among developing countries [3] . Nevertheless, breast cancer mortality has shown a significant decrease in Slovenia, Croatia and Malta [4] .
Mastectomy is one of the most commonly recommended treatments for breast cancer, despite the fact that it may carry several comorbidities, including postural changes, such as a greater angle of trunk inclination, higher positioning of the scapula on the affected side in the frontal plane, greater angle of pelvis twisting, steepening the trunk forward, more abducted scapula and changes in the thoracic kyphosis and lordosis lumbar angles [5] [6] .
A trunk static imbalance can occur, negatively affecting good posture. Proper and regular use of external breast prosthesis (EBP) can minimize postural changes and make the rehabilitation process more effective [5] , given that static posture can be significantly influenced by the size of breasts [6] .
Musculoskeletal mechanisms have been developed to compensate for changes to the physical characteristics of the human body. Changes to a body segment or posture result in displacement of the center of gravity, which can lead to instability [7] .
Sustaining the hypothesis that surgery for unilateral mastectomy may influence postural control, the aim of the study is to assess the influence of mastectomy on static equilibrium in women with breast cancer.
Methods

Patients
A total of 60 women were elected for inclusion (Figure 1 Women were excluded who were previously diagnosed clinically (proven by medical specialist) with severe degenerative diseases (arthrosis, arthritis, etc.) or any postural or equilibrium amendment were unable to remain standing erect, had bilateral mastectomy or lymphedema (proven by volumetric measure), were in chemo or radiotherapy, were using an internal mammary prosthesis or an expander in the breast region, or had small breasts (proven by Sacchini index) [8] .
Measurement
Both groups underwent standard prior medical record review, examination of upper limb volume using the formula of the truncated cone [9] , and review of breast size through the Sacchini index, defining three categories: less than 9 cm-small breast, 9 to 11 cm-medium breast, and greater than 11 cm-big breast [8] .
Ground force reaction was capture by Force Platform OR 06.07.1000 (Advanced Mechanical Technologies, Inc-AMTI, Watertown, USA) with an ICC = 96 of four sensors [10] , with dimensions 464 × 508 × 82.5 mm. The BioDynamicsBr and BioDynamicsBr Analysis software were used for data collection and analysis of data, respectively. The main variables analyzed were the maximum displacement in the x-axis (MDx), maximum displacement in the y-axis (MDy), total displacement (Dt), the mean velocity in the x-axis (MVx), mean velocity in the y-axis (MVy), and mean total velocity (MVt) of center of pressure (COP). Assessment of static balance on the force platform was assessed in the frequency of 100 Hz, with three replications maintained for 60 seconds with eyes open (EO) and eyes closed (EC), bipedal support, in random sequence defined by simple drawing. For the EO evaluation, the participant should looked fixedly toward a dot placed one meter away, adjustable to eyes' height [11] - [13] .
Statistical Analysis
The sample size was estimated at 16 volunteers for each group intervention based on Rostkowska, Bak and Samborski's study (2006) , calculated by Graphpad Statemate software, with power of 80% and an alpha error of 0.05. Data were summarized using frequency tables, summary statistics, confidence intervals, and p values, as appropriate. Demographic data are expressed as means ± SD for continuous variables and frequencies and percentages for categorical variables. The preferred method of analysis for continuous variables was parametric, nonparametric analysis methods were used only if parametric assumptions could not be satisfied. Parametric model assumptions were assessed using the normal-plot or Shapiro-Wilk test to verify normality and Levene's test to verify homogeneity of variances. Continuous variables were compared between the two groups using a two sample (unpaired) t test and between two measures of the same volunteer using at paired t test. For continuous variables with skewed distribution the nonparametric Mann-Whitney U test was used to compare two groups. Categorical variables between the groups were contrasted using the Chi-square (x 2 ) test, although Fisher's exact test was used when data were sparse. Significance was set at P < 0.05, using two-tails comparison. All reported P-values are rounded to three decimal places. The statistical analysis was performed using the Statistical Package for Social Sciences (SPSS version 21.0, IBM ® , USA).
Results
Regarding the general characteristics of the volunteers there was no significant difference between the groups, demonstrating the homogeneity of the sample ( Table 1) .
Results of the static equilibrium assessment on the force platform with eyes open showed an increase in the MG for maximum displacement in the x-axis (P = 0.003) and total displacement (P < 0.001) of center of pressure when compared to CG. With eyes closed was also found an increase in the MG for maximum displacement in the x-axis (P = 0.002) and total displacement (P < 0.001) of center of pressure compared to CG (upper Table  2 ). Comparing each item for eyes open versus eyes closed in both groups, there were significant differences between the two for maximum displacement in the x-axis, maximum displacement in the y-axis and total displacement of center of pressure, with a higher displacement with eyes closed (lower Table 2 ).
Assessment results of mean velocity on the force platform demonstrated a velocity augmentation, even with eyes open or eyes closed, for mean velocity in the x-axis, mean velocity in the y-axis and mean total velocity of center of pressure in GM when compared to CG (P < 0.001), upper Table 3. In the analysis eyes open against eyes closed for each group, there was a significant difference for mean velocity in the x-axis, mean velocity in the y-axis and mean total velocity of center of pressure, with a higher velocity with eyes closed (lower Table 3 ). 
Discussion
As hypothesized, the surgery for unilateral mastectomy may influence postural control. Women undergoing mastectomy showed an increase in displacement and velocity of the center of pressure on the force platform when compared to women in the control group.
Breast hypertrophy may affect some muscles including pectoralis major, pectoralis minor, rhomboids and trapezius (middle and lower portion), leading to a muscle weakness proven by force test [14] . Muscle modifications can also be found in women who underwent mastectomy with strength reduction in the upper trapezius and th and 24 th month after unilateral mastectomy; the results showed a significant change of posture in all follow up months, especially at the 18 th and 24 th months. Other authors have observed changes in posture and spine function in women who underwent mastectomy [5] .
There is evidence that mastectomy can lead to postural alterations, causing variations in the center of gravity and, consequently, changes in static equilibrium, as observed in this study. The biomechanical parameters of reaction force and plantar distribution are modified in both dynamic and static forms [17] .
One study evaluating factors related to falls in postmenopausal women with breast cancer surgery suggests that balance disorders of vestibular origin and delays in detecting low-contrast visual stimuli are associated with falls in these women. A relationship was also observed between falls and chemotherapy treatment, an association not observed with the use of adjuvant endocrine therapy [18] . Chemotherapy is a negative factor affecting postural control in women with breast cancer, increasing instability and pressure center score [19] . In this study, women were not included in the period of chemotherapy, but it is possible to observe that the mastectomy surgery is also an important factor increasing instability and changes in the pressure center.
Posture analysis in women after reductive mammoplasty, showed a significant decrease in the anterior tilt angle of the pelvis, and forward tilt flexion of the spine [20] . Thus, could be inferred that breast size influences the postural biomechanics. When assessing static balance in women with breast reduction, there is a decline in both, area and velocity displacement [21] . Barbosa et al. [22] showed an increase in the area and velocity displacement of the pressure center of women with breast hypertrophy. The fact that changes to breast sizes affect balance can justify the postural control variations in post-mastectomy women found in this study.
Analyzing the pressure center on pilots with closed eyes, there was a 32% change in the displacement area and a 50% change in velocity, showing that visual occlusion is a negative factor for static equilibrium [23] . This is in agreement with the results found in both groups in our study.
The increased weight distribution causes a unilateral postural asymmetry and displacement of the mass center, directly affecting the larger unilateral weight, and providing poorer postural stability and augmentation of the displacement velocity of the pressure center [24] . A greater difference in the distribution of body mass would lead to a greater rate of medial-lateral displacement, increasing the risk of falls. Since mastectomy surgery causes a larger number of postural asymmetries and mass center displacements, it could be deduced that more significant contralateral breast surgery would lead to worse postural control.
Genthon and Rougier [25] evaluated pressure center behavior in the body weight distribution with different loads and noted that the mechanism of control decreases with increasing postural asymmetry, affecting a change in pressure center displacement toward medial-lateral, agreeing with the results obtained in the present study.
These findings are an innovation with respect to the balance in women with mastectomies, describing that mastectomy surgery may result in a loss of postural stability in women with breast cancer and highlighting the importance of rehabilitation for these women. It would be interesting to evaluate the effects of balance exercises in women undergoing surgical treatment for breast cancer.
Conclusion
Undergoing surgery for unilateral mastectomy results in postural control changes in women with breast cancer.
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